fascination with the natural world goes back as far as he can remember. As a child growing up in Long Island, USA he started by collecting insects in his back garden and by the age of ten he had acquired his first pet snake. His unusually tolerant parents encouraged his hobby and in his teens his snake collection reached a peak of seven (augmented by many lizards, turtles and so on, all housed in terrariums he built himself). His great idol at the time was Raymond Ditmars, who as a youth had a collection of over 100 snakes in his home and went on to become the founding father of American herpetology. Wagner secretly nursed the ambition to look after a similar collection. At the age of 19, however, he finally grew tired of the jibes from his birdwatching friends, who pointed out (correctly) that, while he spent most of his time looking for snakes rather than watching them, they could find birds wherever they went. This finding was extremely significant. Extra-pair copulations were known from many species but it was generally assumed that these were forced upon unwilling females by males who hoped to father more offspring. Recent works from other groups had shown that competition for fertilization -and thus paternity -can take place after copulation, adding an important mode of sexual selection to that of male-male competition described by Darwin. Wagner's demonstration that females choose to visit the 'mating arenas' proved that they are actively pursuing matings with multiple males and suggested for the first time that females are far more in control of mating than had been supposed. These serendipitous observations had very important consequences for Wagner's subsequent career. Wagner notes, "We started out trying to study coloniality, got distracted by something we noticed and ended up being led back to coloniality." Before Wagner's work on razorbills, the accepted theory to account for social behaviour in colonial species of animals and birds was that certain behaviour patterns were a consequence of the need to breed in colonies. The aggregation of male razorbills on ledges, however, may arise because females visit the ledges for extra-pair matings. Razorbills therefore show a type of social behaviour that is distinct from their colonial breeding. The situation is analogous to a 'lek', or display ground, where males of promiscuous species congregate to display to females, who visit leks to select from potential mates. Leks are widely used in the animal kingdom, not only by birds such as grouse but also by animals as diverse as flies, fish and antelopes. Wagner speculated that colonies in
Richard Wagner's fascination with the natural world goes back as far as he can remember. As a child growing up in Long Island, USA he started by collecting insects in his back garden and by the age of ten he had acquired his first pet snake. His unusually tolerant parents encouraged his hobby and in his teens his snake collection reached a peak of seven (augmented by many lizards, turtles and so on, all housed in terrariums he built himself). His great idol at the time was Raymond Ditmars, who as a youth had a collection of over 100 snakes in his home and went on to become the founding father of American herpetology. Wagner secretly nursed the ambition to look after a similar collection. At the age of 19, however, he finally grew tired of the jibes from his birdwatching friends, who pointed out (correctly) that, while he spent most of his time looking for snakes rather than watching them, they could find birds wherever they went. He thus switched the focus of his attentions to birds.
A This finding was extremely significant. Extra-pair copulations were known from many species but it was generally assumed that these were forced upon unwilling females by males who hoped to father more offspring. Recent works from other groups had shown that competition for fertilization -and thus paternity -can take place after copulation, adding an important mode of sexual selection to that of male-male competition described by Darwin. Wagner's demonstration that females choose to visit the 'mating arenas' proved that they are actively pursuing matings with multiple males and suggested for the first time that females are far more in control of mating than had been supposed. These serendipitous observations had very important consequences for Wagner's subsequent career. Wagner notes, "We started out trying to study coloniality, got distracted by something we noticed and ended up being led back to coloniality." Before Wagner's work on razorbills, the accepted theory to account for social behaviour in colonial species of animals and birds was that certain behaviour patterns were a consequence of the need to breed in colonies. The aggregation of male razorbills on ledges, however, may arise because females visit the ledges for extra-pair matings. Razorbills therefore show a type of social behaviour that is distinct from their colonial breeding. The situation is analogous to a 'lek', or display ground, where males of promiscuous species congregate to display to females, who visit leks to select from potential mates. Leks are widely used in the animal kingdom, not only by birds such as grouse but also by animals as diverse as flies, fish and antelopes. Wagner speculated that colonies in
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Insights into the mating games A paper published earlier this year in Proceedings of the Royal Society has caught the attention of science journalists throughout Europe. The paper's author, Richard H. Wagner, describes to Graham Tebb how an interest in snakes led to a study of colonial breeding in birds and to fundamental insights into female control of sexual behaviour.
other species might form around places that females visit for the purpose of mating. According to this notion, protection from predation and increased foodfinding abilities are by-products of colony formation rather than reasons for it. Wagner's work on razorbills had shown that 'monogamous' species can show some of the behavioural traits thought to be peculiar to promiscuous species. The mechanisms that produce aggregations of displaying males in promiscuous species may therefore act to produce colonies in monogamous species when females pursue matings with multiple males. Wagner termed this iconoclastic idea the 'hidden lek hypothesis' and it has been hotly debated in the literature ever since. Meanwhile, his study of commodity selection in kittiwakes has continued. Wagner still relies largely on close observation in the field. He feels strongly that the area of behavioural ecology has been tending to move in the wrong direction. In his words, "The problem is that people no longer spend enough time watching behaviour but rely instead on indirect information, e.g. from DNA studies, which they hope will tell them what has happened. Genetics and physiology are clearly important but there are some things that you can only learn by watching." While watching kittiwakes, Wagner happened to notice that females frequently eject the sperm of their mates after copulation. Sperm ejection had previously been recorded in several other species but the kittiwake differs from all of these in that it is strictly monogamous. The explanation seems to be that the females do not wish to store sperm in their bodies, as eggs fertilized with 'old' sperm are more subject to hatching failure and the chicks that result are often in poor condition. Female kittiwakes are thus actively selecting the quality of sperm based on its age rather than on any properties of the donor male. The findings represent the first example of intra-male sperm selection and demonstrate further that females -at least in birdsare far more in control of fertilization of their eggs than generally believed.
In twenty years of "watching copulations", Wagner has made several highly significant contributions to our understanding of colonial breeding systems in birds. He hopes now to assess whether the mechanisms he has uncovered are generally applicable across different taxons and to this end plans to study the formation of colonies in fish, using KLIVV's extensive aquarium facilities to observe colony formation under pseudo-natural conditions in the lab. He will continue with field observations -on lapwings, kittiwakes and possibly again on purple martins -as an integral part of his research. But as he admits, "Even behavioural ecologists should be prepared to test their ideas under controlled conditions sometimes. And some things really are easier to study in the lab than in the field." The results suggest that the influence of temperature changes may have a more dramatic effect on the structure of marine
The heat is on
Researchers tackling the potential impact of global warming on species around the world may need to look more carefully at the situation of each population. Nigel Williams reports.
